10/ 2/ 95 rev
10. A GENERI C Rl SK ASSESSVMENT OF REPRESENTATI VE LAUNCH
SCENARI OS

10. 1 | NTRODUCTI ON

Si nce the beginning of US space | aunch operations in the 1950's,
t here have been no | aunch operation accidents that have produced
any general public casualties outside any of the Governnent
Launch facilities. There has been sone danage to sone Range
facilities and structures used to support the |aunches, but
little damage to public property outside the perineter of the
 aunch sites. Considering the fact that there have been
unavoi dable failures during thirty years of new rocketry and
spacecraft testing and stream ining of |aunch operations, it is
evident that the Range Safety Control process and systens in
pl ace have prevented and controlled the risk from |aunch
accidents that could have lead to potentially significant clains
agai nst the Governnent.

This proven track record of success for the Range Safety Contr ol
systens and practices at the National Ranges nmay cast doubt on
the need to discuss the public risk exposure levels and the
potential for third party liability clainms. It is worthwhile,
however, to discuss the consequences of ELV launch failures in
the absence of the Range Safety Control system since proposed
comerci al space |aunches could originate at new |aunch sites
(perhaps an island site or an ocean platforn); use novel,
untested or reconfigured tracking and control systens; and not
require an FTS of high reliability on-board ELV's. This approach
will permt an assessnment of the extent of potential damage
and/or casualties that can be avoi ded by the established Range
Control Systens and safety practices (see also Ch.2, Vol.1l, and
Ch.9). While nmuch of the qualitative hazards anal ysis of | aunch-
rel ated accidents has been given previously in Ch.5, Vol.2, the
intent of this chapter is to provide a coherent, self-contained
di scussion of generic public risk associated with commerci al
[ aunch operations for existing ELV's which weighs the
consequences of each accident by its probability of occurrence in
a Risk Matrix according to the nethods and tools illustrated in
Chs. 8 and 9.

10. 2 RI SKS DURI NG DI FFERENT PHASES OF A TYPI CAL M SSI ON
10.2.1 Pre-Launch Hazards

During the preparation of a vehicle for |aunch, the chief hazards
derive from the storage and handling of propellants and
expl osi ves. The Ground Safety procedures applied to stored
expl osi ves and propellants that can expl ode are simlar to those
used in the transportation and handling of these sane materials
off-site. The protective nmeasures include quantity-distance
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requi renents, so that parties uninvolved with the | aunch cannot
be affected by any accident. In addition, other structura
protection (e.g., hardened concrete) and energency preparedness
measures are used to contain toxic or corrosive materials within
the boundaries of the Range in case of an accident on the pad
(see also Ch.5, Vol.2).((12

Accidents occurring prior to launch can result in on pad
expl osions, potential destruction of the vehicle and danage to
facilities within range of the blast wave as well as di spersion
of debris in the vicinity of the pad. The types of accidents
depend upon the nature of the propellants, as discussed in Ch.5.
In the case of cryogenic propellants, liquid oxygen alone wll
cause fires and expl osive conditions; if used in association wth
l'iquid hydrogen, it can | ead to very expl osive conditions. Under
somewhat ideal conditions, the TNT equival ence of a hydrogen-
oxygen propel | ant expl osi on can be as nmuch as 60 percent of their
wei ght, while that of an RP-1-oxygen expl osi on can be 20 percent
of the weight of the propellants (see Ch.5, Vol.2).®

An accident in handling storable hypergolic propellants could
produce a toxic cloud, liable to nove as a plune and disperse
beyond the boundaries of the facility. The risk to the public
wi |l then depend upon the concentration of population inthe path
of this toxic plunme and on the ability to evacuate or protect the
popul ation at risk until the cloud is dispersed. It is obviously
advantageous if the w nds generally blow away from popul ated
ar eas. There are also specific safety requirenents and risks
associ ated with ground support equi pnent. The design and use of
t hi s equi pnent nust incorporate safety considerations.

10. 2.2 Launch Hazards

CGeneral ly, the on-board destruct systemis not activated early in
flight (during the first 10 seconds or so) until the failed
vehicle clears the Range. This protects Range personnel and
facilities froma conmand expl osion. Fai l ures during the very
early portion of launch and ascent to orbit can be divided into
two categories: propul sion and gui dance/ control. Lighting, w nd
and ot her neteorol ogical hazards (e.g., tenperature inversions)
must be considered prior to |aunch count down.

Propul sion failures produce a |l oss of thrust and the inability of
the vehicle to ascend. Depending on its altitude and speed when
t hrust ceases, the vehicle can fall back intact or break up under
aerodynam c stresses. If the vehicle falls back, the
consequences are simlar to those of an expl osion on the ground.
The exception is when intact solid rocket notors inpact the
ground at a velocity exceeding approximately 300 fps. |In that
case, the explosive yield may be significantly increased. | f
there are liquid fuels (hydrogen-oxygen), there is al so potenti al
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for a | arge expl osi on, nuch hi gher overpressures and nore damage
to structures at the launch facility. It could also create
hi gher overpressures off the facility which could break w ndows
and possibly do mnor structural damage to residential and
commercial buildings (see Ch.5, Vol.?2).

Solid rocket nmotor (SRM failures can be due to a burn-through of
the notor casing or damage or burn-through of the notor nozzle.
In a notor burn- through there is a | oss of chanber pressure and
an opening is created in the side of the case, frequently
resulting in structural breakup. The nozzl e burn-through may
af fect both the nmagni tude and the direction of thrust. There is
no way to halt the burning of a solid rocket once initiated.
Hence, an SRM failure alnost inevitably puts the entire | aunch
vehicle and m ssion at risk. Wen there are several strapped-on
SRM boosters, as is comonly the case, the probability of a
failure of this type is increased, since any one of these failing
can lead to m ssion |oss.

The purpose of the Range Safety Control systemis to destroy,
halt or neutralize the thrust of an errant vehicle before its
debris can be dispersed of f-Range and becone capabl e of causi ng
damage or loss of life. Wthout a flight term nation system
(FTS), the debris could land on a population center and,
dependi ng upon the type of debris (inert or burning propellant),
cause consi derabl e damage. The destruct system generally is
activated either on comand or spontaneously (ISDS - the
i nadvertent separation destruct systemis activated automatically
in case of a stage separation failure) at or soon after the tine
of failure. In flight destruction limts vehicle debris
di spersi on and enabl es di spersion of propellants, thus reducing
the possibility of secondary expl osions upon ground inpact. The
destruct systens on vehicles having cryogenics are designed to
m nimze the m xing of the propellants, i.e., holes are opened on
the opposite ends of the fuel tanks. This contrasts wth
vehicles with liquid storable propellants (e.g., Aerozine-50 and
N,O,) where the destruct systemis designed to pronote the m xing
and consunption of the propellant. Solid rocket destruct systens
usual Iy consi st of |inear shaped charges running al ong the | ength
of the rocket which open up the side of the casing |ike a clam
shell. This causes an abrupt |oss of pressure and thrust. It
may, however, produce many pieces of debris in the form of
burni ng chunks of propellant and fragnents of the notor casing
and engi nes.

The Titan 34D accident on April 18, 1986, about 8 seconds after
| aunch, is an exanple of a propulsion failure which caused
consi derabl e and costly damage to the VAFB facility.® In this
case, the solid rocket case failed and the vehicle fragnmented and
spread burning propellant over the launch site. Typical debris
velocities were 100 to 300 fps. This Titan 34D failure was the
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result of a burn-through of one of the rocket notor casings. The
expl osion, which occurred at an 800 ft. altitude, was not a
detonation, where there is alnost instant burning of propellant
acconpani ed by a significant air blast, but a deflagration, where
nost of the propellant was not consunmed in the explosion, but
formed a cloud of flying burning debris. Sonme of the burning
propellant still encased in a section of the rocket notor did
appear to expl ode upon i npact. The evidence was a flash of |ight
recorded by a canera, although the canmera was not directed at the
point of inpact. A series of small craters were al so observed
after the accident. It is believed that sone of these craters
were formed by violent burning in the soft soil (sand) rather
t han by explosions. Filnms do show rebound of propellant chunks
and shattering upon the rebound. This type of behavior was al so
observed in earlier Mnuteman failures.

In addition to conplete loss of control, there are three other
early flight guidance and control failures that have been
observed with launch vehicles over the life span of the space
program failure to pitch over, pitching over but flying in the
wong direction (i.e., failure to roll prior to the pitchover
maneuver) and having the wong trajectory programmed into the
gui dance conputer. The |ikelihood of these circunstances depends
upon the type of guidance and control used during the early
portion of flight. The types are open or closed loop (i.e., no
f eedback corrections) and programmer or gui dance controlled. In
t he case of vehicl es which use programm ng and open-| oop gui dance
during the first portion of flight, failure toroll and pitch is
possi bl e, although relatively unlikely, based on historical
flight data. If the vehicle fails to pitchover, it rises
vertically until it is destroyed. As it gains altitude, the
destruct debris can spread over an increasingly larger area
Consequent |y, nost Ranges watch for the pitchover and if it does
not occur before a specified tine, they destroy the vehicle
before its debris pattern can pose significant risk to structures
and peopl e outside the | aunch facility or the region antici pated
to be a hazard zone, where restrictions on airspace and ship
traffic apply. Failure to halt the vehicle within this tinme can
produce a significant risk to those not associated wth | aunch
oper ati ons.

Wth open-loop Stage 1 guidance, a launch in the wong direction
can occur due to inproper programmng or inproper roll of the
vehicle during its vertical rise. This circunstance, although
consi dered i nprobabl e, can be very hazardous. |f the Range does
not halt the flight inmediately, the vehicle could overfly
popul ated regions. Then, even if the vehicle is normal in every

other respect, it could drop jettisoned stages on popul ated
areas, creating the potential for damage, injury and |oss of
life. The detection of inproper launch azimuth is wusually

acconpl i shed vi sual | y because radar tracki ng may not be effective
very early in flight. Consequently, in making the decision to
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halt the flight, the Range nust rely on visual observers to relay
i nformati on about pitchover and azimuth, with possible tinme-
del ays.

Wth vehicles which are inertially guided fromliftoff, failure

in pitchover or roll is unlikely. It is possible, but extrenely
unli kely, that an inertially guided vehicle could have the w ong
set of gui dance constants, i.e., the wong trajectory, stored in

its guidance conputer. To the observer this will appear the sane
as an inproper roll (flight azinmuth).

If a solid rocket |oses thrust or has a change of direction of

the thrust vector, the vehicle control system wll try to
conpensate with the remaining engines. The result wll be an
aberrant corkscrewing behavior wuntil the control system is

totally overwhel ned, and then a tunble. Wth atnospheric forces
present, the stages should break apart by this tine.

CGenerally, rapid hard-over tunbles of failing vehicles do not
cause the vehicle to nove significantly cross-range off the
intended path of flight. It is the gradual turn that is of
greater concern to the Range Safety Oficer. If the vehicle
turns slowy, it can nove a significant distance cross-Range
This type of failure is rare and difficult to rationalize with
nost flight-tested ELV systens, but the unexpected nust be
anticipated. An exanple of the unexpected is the behavior of the
solid rockets from the Space Shuttle after the failure of the
Chal | enger. ® They were supposed to tunbl e and not of fer nuch of
a dispersal hazard. Instead they turned very little and had to
be destroyed before they could becone a threat to a popul ated
ar ea.

O greatest concern to Range Safety Control during the steep
ascent phase, is the capability of the vehicle to wander off-
course imediately followi ng a mal function. The Range Safety
Control system nust be able to respond before debris becones a
hazard. Consequently the design of the destruct |ines nust take
into consideration: (1) the delay between deci si on and destruct;
(2) the highest rate that the vehicle can nove its IIP toward a
protected area; (3) the effect of the wnds; and (4) the
contribution of any explosion to the scatter of debris.

During the early boost phase the vehicl e experiences its greatest
aerodynam c | oads and heating. As the vehicle accelerates, the
dynamc pressure (1/2 pv? increases until the decrease in
density (p) due to higher altitude overconmes the effect of
i ncreasing velocity (v). During the period of high airloads the
vehicle is nore vul nerabl e structurally and | i kely to break apart
if it has a high angle of attack or begins to turn abruptly. The
Space Shuttle, for exanple, with its conplex configuration and
lifting surfaces, is so sensitive during this period that the
liquid propelled main engines are throttled down to keep the
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dynam c pressure within specified limts. One of the major fears
during this phase is an abrupt change in wind velocity during
ascent (a wind shear). This causes a rapid change in angle of
attack and requires rapid and appropri ate response by the control
system

The potential for damage to ground sites from a | aunch vehicle
general ly decreases with tine into flight since fuel is consuned
as the vehicle gains altitude (see Fig.5-6 in Ch.5, Vol.2). |If
it breaks up or is destroyed at a higher altitude, the liquid
fuels are nore likely to be dispersed and lead to |[|ower
concentrations on the ground. 1In addition, if there are solid
propel lants, they wll have been partially consuned during the
flight period prior to the failure and will continue to burn in
free fall after the breakup.

Met eor ol ogi cal conditions contribute to the potential for off-
site damage. Tenperature inversions and wi nd shears can cause
shock waves, which normally turn upward, to turn down and
possi bly focus at |ocations distant fromthe |l aunch site.® This
results in significantly higher overpressures locally, than the
overpressures from shockwaves noving in a normal adiabatic
at nosphere (an atnosphere where the tenperature decreases wth
increasing altitude). Another neteorological influence is the
wi nd, which can deflect falling debris towards popul ated areas.

Very early in flight, when the vehicle is still close to the
ground, there is |less opportunity for debris to be scattered.
The debris fall within a footprint which is affected by the range
of ballistic coefficients of the pieces, the wind speed and
direction, velocity contributions due to explosion and random
l[ift (see also Ch.2, Vol.1 and Ch.7, Vol. 2). To understand the
make-up of the debris footprint, first observe the "centerline"
as shown in Figure 10-1.® This centerline represents the spread
of debris inpact and drag effects when there is no uncertainty
due to wnd, lift, etc.

Debris which are very dense and have a high ballistic coefficient
(B) are not as affected by drag and will tend to land closer to
the vacuum IIP. Hi gh ballistic coefficients can be associ ated
wi th punps, other conpact netal equipnment, etc. Panels or pieces
of nmotor and rocket skin offer a high drag relative to their mass
(a low ballistic coefficient) and consequently slow down nuch
nmore rapidly in the atnosphere. After slow ng down they tend to
fall and drift with the wwind. This effect is also shown in the
figure. A piece of debris with a very low ballistic coefficient
( B=1) is shown to stop its forward flight al nost i nmedi ately and
drift to inmpact in the direction of the w nd. Pi eces having
internmedi ate value ballistic coefficients show a conbi nati on of
effects and fall along a centerline. From a lethality
standpoint, the pieces having a higher ballistic coefficient
i npact at a higher velocity and can cause nore danmage (dependi ng
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FIGURE 10-1. BEHAVIOR OF DEBRIS AFTER VEHICLE BREAK UP

upon their size). The debris will not necessarily inpact along
the centerline. The velocity inpulses at breakup, the wi nd and
tunbling behavior all contribute to uncertainties about the
inmpact point. This is illustrated in Figure 10-2.

When all of the factors affecting debris transport and di spersal
to inpact are considered at once, the effect is a pattern as
shown in Figure 10-3. The boundaries of the debris dispersion
footprint are not precise but rather represent a contour which
contains, say, 95 percent of the debris. Thus, when considering
the hazard to structures or people on the ground, one nust
consider the hazard area for debris inpacts in the terns of a
pattern which is dynamc. It grows rapidly as the vehicle gains
altitude, as illustrated in Figure 10-4 for a vehicle |aunched
from Vandenberg Air Force Base. Note the geography and the fact
that part of the debris pattern dwells over land for a
significant period of tinme. The time interval that the debris
i npact pattern dwells over |and depends upon the direction and
strength of the w nd.

If the wind, as in this case, is blowng very hard from the
sout hwest, the low ballistic coefficient portion of the pattern
will tend to stay over the land. |If the wind is blowing fromthe
northeast, the pattern will nove very rapidly out to sea. This
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denonstrates the very inportant role of wwnd in evaluating risks
of a | aunch. Depending on prevailing neteorol ogical conditions,

i ncl udi ng cl ouds, visibility, at nospheric electricity,
tenperature and wi nd conditions, a | aunch may be postponed until
adverse conditions subside. The bulge in the center of the

grow ng debris patternin Figure 10-4 is due to debris which have
velocities inparted to them from an expl osion (spontaneous or
destruct action). The upper-right-hand portion of the debris
pattern consists of debris which have a high drag to weight
rati o, slow down quickly and are carried by the wind, which, in

this case, is blowing from the west. Notice how the debris
pattern stretches as the vehicle increases in altitude. Thi s
effect continues until the vehicle reaches an altitude where

aerodynam c drag no |l onger has an effect on dispersion.

For all launches, the boosters, sustainers and other expendable
equi pnent are always jettisoned and fall back to the Earth.
Therefore, in planning a mssion, care nust be taken to keep
these objects from inpacting on |and, offshore oil platfornms,
aircraft and shipping |anes. The inpact |ocations are nornmally
quite predictable, so risks can be avoided or m nim zed.

As nmentioned earlier, during the entire history of the space and
m ssile prograns at VAFB and Cape Canaveral/Cape Kennedy, no
errant |aunch vehicle has ever been allowed to wander over a
popul ated area near the launch site and deposit debris upon it.
As a consequence there have been no clains, danmages or
casual ti es. This is a convincing argunent in the support of
continued safe launch and mssion planning and approval
procedures, reinforced by a reliable Range Safety Control system

10. 2.3 Pre-Orbital Hazards

After jettison of the booster stage and, in sonme cases, the solid
rockets, the remaining core vehicle usually contains only liquid
propellants and is at a fairly high altitude. If a failure
occurs and no destruct action takes place, the vehicle may fal
and remain largely intact till ground i npact. Depending upon the
initial altitude, the airloads during the fall nay becone
sufficient to contribute to the vehicle breakup. If this occurs,
the propellants will nost |ikely be di spersed and the only hazard
will be frominpacting "inert" debris. In the unlikely event
that the tanks do remain intact, some explosion may occur at
inmpact. |If the propellants are hypergolic, as in the case of the
Titan, there may be consi derabl e burning and a cl oud appearing in
the inpact area. In this latter case, the damage from debris
inmpact will probably be less than the hazard from the toxic
propel | ants. Wien an altitude is reached where the vehicle
stages can no longer remain intact because of airloads and
heating, the only hazard will be due to inpacting debris.
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If a destruct or thrust termnation system is used to halt
ascent, as is usually the case, the propellants will be di spersed
and should offer very little threat to people on the ground. A
product of the destruct action will be inert debris, which could
present a hazard at ground inpact (for fire, explosion and toxic
hazards, see Ch.5, Vol 2).

During the boost trajectory of al nost any space vehicle fromany
US National Range, the IIP will at sone tine pass over occupied
| and. For Titan 3 | aunches due east from Cape Canaveral, the IIP

will begin to pass over Africa at t = 475 seconds, and |eave
Africa 3 seconds |ater. For some southerly |aunches from
Vandenberg Air Force Base, the IIP can pass over southern
Argentina and Chile. Activation of the destruct systemis of no
val ue at this point because it poses risks of land inpact. It is
often better to let the failing vehicle continue with the hope
that it will clear the land area and inpact in the ocean. The

threat fromeither launch condition is relatively small because
in both cases the IIP is traveling very fast over |and areas
(hundreds of mles per second). If, for exanple, the failure
rate of the Titan 3 were uniformy 0.000075 failures per second
(historical launch failure probability of .036 divided by 480
sec. of burn operation) and the tine required for the IIP to
cross Africa is 3.2 seconds (see Figure 10-5), then the
probability of failing and causing debris to fall on Africa is
3.2 tinmes 7.5 x 10° or 2.4 x 10* (one chance in approx. 4200).
| f the conbined cross section of debris which survive to |and
i npact is on the order of 1000 sq. ft.,and the average density of
popul ati on which can be harned by the debris is 50 per square
statute mle (according to Ref. 5, this figure is higher than the
average of the population densities of Zanbia, Angola and
Zi nbabwe), then the average nunber of casualties per |aunch due
to an African inpact is:

E. =(failure rate)x(dwell tinme over |and)x(debris "casualty
area") x(popul ati on density)

= 7.5 x 10°° x 3.2 x 1000 x (50/5280?) = 4 x 1077

This corresponds to less than one chance in a mllion of a
casualty per launch. \Wereas Range Safety Control systens can
act very positively to restrict and prevent debris fromfalling
on popul ated areas earlier in flight, there is no effective risk
control when the flight plan calls for a direct |and overflight,
such as the one discussed above. Consequently the casualty
expectation of 8x107 is the sanme with or wthout a flight
term nation system on-board the ELV.

The potential for damage fromthe i npact is based on the area of

falling debris (in this case estimated to be 1000 ft.?) and the
i kelihood of inpacting a structure of value. Wth a popul ation

10-12



Impact of SRM's
Q ﬁ// Impact of

‘(/Sta
s ge I
Va..

[ 38

5 % T

Vehicle
Becomes

/ { Orbital
11p
Time 475.5 2

IIP Time 478.7

FIGURE 10-5. LOCUS OF IIP FOR A TYPICAL TITAN Ill LAUNCH FROM CAPE CANAVERAL (ETR)

density of less than 50 per square mle, the density of such
structures is rather low. As an exanple, assune the surviving
debri s consi st of four pieces, each having a cross-section of 250
ft.?, and the average structure is 600 ft.? with, on the average,
one person per structure. (This is an attenpt to account for
both residential and commercial structures very conservatively.)
A structure will be hit if any edge is hit by the debris. This
is pictured in Figure 10-6.

The effective area of inpact is therefore a conbination of the
structure area and the debris cross-sectional area. In this case
the effective inpact area becones approximately 3400 ft.2 The
probability of any inpact on a structure becones:

P, =(failure rate) x(dwel | tine)x(effective I npact
area) x(structural density)x(no. of fragnments)

= 7.5 x 10° x 3.2 x 3400 x (50/5280%) x 4 = 5.5 x 10°.

10-13




Fragment
of Debris

Structure ————p
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Thus, in this exanple the probability of hitting and damagi ng a
structure is approximately 1 in 100,000. |If a nonetary val ue or
range thereof, were assigned to the structures at risk, then the
expected |loss could be tied to both the severity and extent of
damage (the consequence) and to the very |low probability of its
occurrence.

A simlar analysis can be perfornmed for | aunches from Vandenberg
Air Force Base (see Figure 10-7) when the IIP passes over the
sout hern portion of South Anerica.

According to Ref. 7 and to Figures 10-8 and 10-9, an ELV would
have to violate current azinmuth restrictions in order to overfly
South Anerica (although sone flights may overfly Antarctica or
Australia at nmuch greater altitudes). The dwell or transit tine
over Chile and Argentina will be no nore than 1.4 seconds. | f
all other paraneters of the casualty expectation and i npact
probability equations are assuned to be the sanme, then the E;, and
the P, will be less than those over Africa by the ratio of
1.4/3. 2.
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FIGURE 10-7. LOCUS OF IiP FOR A TYPICAL TITAN HI LAUNCH FROM VANDENBERG AIR FORCE
BASE (WTR)

10- 15




AUSTRALIA

237°

172° 181°INCLINATION

FIGURE 10-8. WTR GEOGRAPHIC LAUNCH AZIMUTH CONSTRAINTS (REF. 7)

{47° INCLINATION)

108°

“2115°% (35° INCLINATION)
ns-

FIGURE 10-9. ETR GEOGRAPHIC LAUNCH AZIMUTH CONSTRAINTS (REF. 7)

10- 16




Thus, very approxi mately, the casualty expectation for overfli ght
over the southern region of South Anerica will be 1.75 x 107 and
the i npact probability on a dwelling or commercial structure wll
be 2.3 x 10°°,

On-orbit collision hazards, once the satellite has been properly
inserted into final orbit, have been discussed in detail in Ch.
7. Simlarly, orbital decay and re-entry hazards for satellites
and spent rocket stages have been addressed in Ch. 8. Although
they contribute to the overall space m ssion- related hazards,
they will not be discussed any further here.

10. 3 LAUNCH SI TE RI SK CONSTRAI NTS

The | ocation of the launch facility has a significant inpact on
the options for launch m ssions. Launches to the east always
benefit from the west to east rotation of the Earth.
Consequently, equatorial orbits (0° inclination) are best
achi eved by | aunching fromfacilities which are near the equator
and have a broad ocean area to the east of the l|aunch site.
Fi gures 10-8 and 10-9 above, show the acceptable and restricted
azimuths for launches from the USAF Eastern and Wstern Test
Ranges. (® It becones apparent that ETR is best suited for
| aunches into equatorial orbits and WR is best suited for
achi eving polar orbits.

Launches at ETR can al so have inclinations other than 0°. |If a
vehicle is launched at an azinmuth of 45° from true north, an
orbit wth an inclination angle of approximately 47° will result.
A satellite in an orbit inclined at 47° woul d cover a groundtrack
over the region of the Earth between £47° |atitude. Froma risk
standpoi nt, as the launch azinmuth decreases, the locus of IIP
nmoves cl oser to the East coast of the US. and Canada. There is
al so considerably nore overflight of countries in the Eastern
Hem spher e, W th potenti al political and I nt ernati onal
repercussions for a space | aunch acci dent.

The lowest risk to popul ated areas is al nost always associ ated
with m ssions where the |aunch azinuth is perpendicular to the
coastline and the wind blows in the direction of the |aunch.
This situation is experienced with many | aunches at the Eastern
Test Range (from Cape Kennedy or Cape Canaveral). Launches into
polar orbit from Vandenberg Air Force Base have a southerly
| aunch azi muth, which is perpendicul ar to the coast at the | aunch
site, but then noves parallel to the coast as the California
coastline beconmes nore aligned north to south. Prevailing w nds
in the region of the Vandenberg launch site tend to be nore
onshore and this nust be accounted for in establishing destruct
lines for Range Safety Control.
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10. 4 VARI ATION OF RI SK DUE TO M SSI ON PROFI LE, LAUNCH VEH CLE
AND PAYLOAD

10. 4.1 Rel ati ve R sks of M ssions

M ssions can be broadly categorized in terns of their orbita
par anet ers: inclination, eccentricity, perigee and apogee
al titude. The risks associated with different final orbit
inclinations are those associated wwth the initial aunch azimth
necessary to support the sequence of boost and transfer
oper ati ons needed to achieve the desired final orbit inclination.
The ri sks associated with | aunch azinuth and site constraints are
di scussed in Section 10.3. Satellites will re-enter within a few
years due to orbital decay fromLow Earth Orbits (LEO, but wll

not from geosynchronous orbits (GEO (See Ch. 8). Thus
geosynchronous orbits offer considerably less risk fromthe re-
entry hazard. The ELV launching a satellite into a

geosynchronous orbit nmust carry nore propellant in the initial
orbiting vehicle and nore stages. The additional propellant in
t he upper stage (up to a factor of 3) may increase the hazard by
a proportionate fraction (percent) for launch accidents on or
near the ground. Moreover, insertion of a payload into GEO
i nvol ves nore orbital maneuvers, nore stages and a greater fuel
| oad, hence greater overall risk of failing hardware and m ssion
failure. For exanple, payload delivery to GEOorbit, as shown in
Figure 10-12, involves firing an apogee kick notor (AKM and a
peri gee kick notor (PKM.

APOGEE KICK MOTOR (AKM) BURN
(PLANE CHANGE = 23.7 DEG))

’F*Q\
"7 NS

7 AN
ATLAS & CENTAUR 15T 7 I/ \\ N
BURN (PLANE / TRANSFER \
CHANGE 0.07 DEN - ‘l \\
” ) T A ‘\
Y \ e /
Y. I SpACECRAFT
\ NINGS « T SEPARATION
/ N ~ - /
PARKING ORBIT > /
(COAST TIME = 14.0 MIN.) M 4 /

\ 2NDCENTAURBURNATEQUATOR /
\\ (PLANE CHANGE = 0.8 DEG.) //

N 7
~ o _FINALORBIT ..
— —

— -

VELOCITY = 10,087 FPS
ALTITUDE = 19,324 NMI

FIGURE 10-12. SEQUENCE OF EVENTS FOR THE ATLAS/CENTAUR ON A GEOSYNCHRONOUS MISSION
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However, even if the mssion fails to insert the payload into the
correct final orbit, public hazards may not increase unless a
highly elliptical transfer orbit leads to early uncontrolled re-
entry of upper stages and payload or an on-orbit explosion
creates collision hazards for GEO and LEO operati onal satellites.

However, for accidents at high altitude when the vehicle is near
orbital, the vehicle with a geosynchronous orbit destination w ||

have less inert debris and the propellant wll probably be
consuned before ground i npact. Hence, in this case, the Low
Earth Orbit vehicle will have a |l arger casualty area and offer a
sonmewhat greater overall risk. In general, the changes in risk
| evel due to the mssion profile are relatively small, with the
exception of missions requiring restricted azinmuths or riskier
staging and orbital maneuvers for achieving the mssion
obj ecti ve.

10.4.2 Hazar dous Characteristics of Typical ELV s

Two ELV's, Atlas/Centaur and Titan Il1, are the primary subjects
of this discussion, although the Delta is also discussed briefly.
They offer a broad range of payload lift capacity, they are the
| argest of the currently available vehicles and they present a
variety of propulsion types and representative associated
hazar ds. Furthernore, a hazard analysis for two plausible
acci dent scenarios, based on a typical Delta vehicle and flight
profile as a function of time after |aunch and down-range and
altitude evolution, was presented earlier in Figs. 5-5, 5-6 of
Ch.5, Vol. 2.

10.4.2.1 Titan - The basic Titan Ill is illustrated in Ch. 5,
Figure 5-4. Its central core vehicle consists of two |iquid fuel
stages, a Transtage and a payl oad. Two solid rockets (zero

stage) are attached to the first core stage and these fire at
liftoff and continue until their fuel is consuned. The first
core stage is ignited near the end of the solid rocket burn
(about 108 seconds after |ift-off). After the solid rocket fuel
is depleted and the first stage ignites, the enpty solid notors
are jettisoned (approximately 116 seconds after liftoff). The
first stage continues to burn until approxinmately 273 seconds
after liftoff, when its fuel is depleted and the stage is
jettisoned. The fairing around the payload is also jettisoned at
this time to reduce the weight that will have to be accel erated
by the core second stage engine. The fairing is used to reduce
t he drag and protect the payl oad during ascent in the atnosphere.
At the tinme of jettison, the vehicle is at an altitude of 400, 000
feet (130 kn) and is essentially out of the atnosphere. The
second core stage fires up imediately and thrusts for 216
seconds. The Transtage has a restartabl e rocket notor used for
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orbital maneuvers. Various upper stages can be added for m ssion
and payload flexibility.

During a normal mssion, the only risks offered by the Titan are
fromvehicle hardware which is jettisoned. The inpact |ocations
and t he approxi mate | ocus of Il P for | aunches from Cape Canaver al
are shown in the map in Figure 10-5. The Stage 1 engi ne covers
are not shown there, but are dropped off during the zero-stage
solid rocket nmotor phase of flight. This particular |aunch
trajectory is intended to have a mninmum inclination angle in
order to support transfer to a geosynchronous orbit.

The i npact | ocations and the approxi mate locus of Il P for a Titan
. aunch from Vandenberg Air Force Base are shown in the map in
[

Figure 10-7. The requirenents for "polar"™ orbits my not
actually need fly over of the poles, but rather very high
inclination angles, such as 70° In addition, launches wth

inclination angles lower than 90° from VAFB can have | arger
payl oads. Consequently, |aunches from VAFB may have a range of
| aunch azimuths, as indicated in Figure 10-7, depending on the
m ni mum or bi tal plane inclination angle.

The liquid fuels which propel the core vehicle and Transtage of
the Titan are non-cryogenic and storable: Aerozi ne-50 and
nitrogen tetroxide used in the core vehicle are highly toxic, if
rel eased by accidental venting or a spill (see Appendix B and
Ch.5, Vol.2). Pre-launch and | aunch hazards are controlled by
handling and storage regulations and by specifying optinmal
weat her conditions for |aunch which permt toxic vapors and pl une
di spersal in case of an accident. |If the vehicle is destroyed,
t hese hypergolic propellants do not react as energetically as
cryogeni c propellants. The spontaneous ignition does not all ow
themto m x before igniting and, consequently, they burn, but
have no significant expl osion. However, there was an excepti on:
On March 16, 1982, a Titan Il, which is basically the first two
core stages of the Titan 3, blewup in its silo at Little Rock
Air Force Base near Damascus, Arkansas. A very significant
explosion resulted which destroyed the entire facility. The
magni tude of the explosion was ascribed to the confinenent
provided by the silo, which did not permt the propellants to
scatter while burning. On the other hand, tests of the destruct
systemof the Titan have generally indicated that the unconfi ned
burni ng propellants have very little expl osive enerqgy.

The nore pressing problemwith Titan liquid propellants is their
toxicity and corrosivity. The destruction of the vehicle may
produce a white and reddi sh-brown (Aerozine-50 and N,Q) cloud
which is very toxic and also very harnful to vegetation

In addition to the liquid propellants, the Titan has strap-on
solid propellant notors (simlar to the Space Shuttle). The
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em ssions fromthese engi nes al so contain contam nants which, in
hi gh concentrati ons, can be detrinmental to agriculture. The main
hazard associated with the solid rockets is their expl osiveness,
the resulting overpressure and the spread of burning debris.
Unlike liquid rockets, solid rockets, once ignited, cannot be
shut down wi thout being destroyed. Destruct action wll always
produce a conflagration and dispersion of burning debris. An
inpact test of an intact Titan solid rocket booster in 1967
i ndi cated that the resulting expl osi on woul d be equi val ent to TNT
having a wei ght of 7.5 percent of the wei ght of the propellant in
the rocket.( Sonme individuals in the explosive safety field
believe, that under the right circunstances, this equivalent
yield could be doubled. Qhers have the opinion that, wthout
inpact at a significant velocity, the stage will have no TNT
equi val ence (see also Ch.5, Vol.2, for a discussion of yield
uncertainties).

10.4.2.2 Atlas/Centaur - The Atlas/Centaur is illustrated in
Figure 5-7. It is basically a two-stage vehicle consisting of an
Atlas first stage and a Centaur upper stage. The Atlas is a
i quid oxygen (cryogenic) and RP-1 (hydrocarbon) powered vehicle
while the Centaur upper stage is powered by liquid oxygen and
[ iquid hydrogen. Neither vehicle offers a toxic threat, but both
are volatile, particularly the hydrogen/ oxygen Cent aur stage. The
primary hazards are blast overpressure and debris from a
pot enti al expl osion.

At lift-off, the Atlas has thrust provided by three rocket
engi nes. After 155 seconds of flight, the two outer engines
(called the boosters) are shut down and jettisoned on rails (3

seconds |later). The remaining sustainer engine, which is
designed to be nore efficient at higher altitudes, continues
until all of the fuel has been consuned. During sustai ner

operation, equi pment which served a purpose during the operation
within the atnosphere is also jettisoned. Once the sustainer
engine is shut down, the Atlas stage is jettisoned, the Centaur
engines are ignited and the flight continues. The Centaur has
two burn periods, the first to place the Centaur and payload into
orbit and the second to put the Centaur and payload into a
transfer orbit. The Centaur is separated fromthe payl oad whil e
in the transfer orbit. A solid propellant rocket (Apogee Kick
Motor or AKM on the payload may provide the final thrust to
pl ace the payl oad i n the geosynchronous orbit; other payl oads may
use a liquid fueled notor for final GEO enpl acenent.

The sane two mssions which were discussed for the Titan are
considered, one producing a low polar orbit and the other
producing a high equatorial orbit (geosynchronous). The
Atl as/ Centaur is a smaller vehicle than Titan and can pl ace about
40 percent of the Titan payload in a geosynchronous orbit.
Fi gures 10-10 and 10-11 show the IIP loci for Atlas/Centaur
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m ssi ons fromESMC and WSMC duri ng the pre-orbital phase. During
a normal mssion, the only hazards associated wth the
Atl as/ Centaur |aunch are fromthe jetti soned spent stages, whose
i npact | ocations are shown in the figures.

The sequence of orbital events for an Atlas/Centaur FLTSATCOM
m ssion is shown above in Figure 10-12.® This is a m ssion very
simlar to any other Atlas/Centaur geosynchronous m ssion,
although in this particular case, there is no initial parking
orbit. The vehicle, after becomng orbital, continues to
accelerate directly into the transfer orbit. Note from Figure
10-12 that the Apogee Kick Mtor burn also provides the plane
change necessary to achieve an equatorial geosynchronous final
orbit.

The hazard potential for the Atlas/Centaur |aunch will decrease
wth time into mssion as the vehicle and payload gain altitude
and propellant is consuned (see Figs. 5-5 and 5-6 in Ch.5,
illustrating the risk vs. tine for a Delta vehicle). The RP-1
propellant will not be absorbed into the atnosphere, but it wll
becone nore widely dispersed as the vehicle reaches a higher
altitude. Note that RP-1 fuel is not toxic or corrosive in the
sane sense as hypergolic liquid propellants.

Fewer pieces of debris are expected from an Atlas/Centaur
destruct than for a Titan. This is because of its smaller size
and it uses only liquid rocket engines. However, the structure
of the Atlas is nore fragile than that of the Titan and w || nost
likely break into nore pieces than the Titan core vehicle. The
very thin Atlas skin pieces wll probably scatter nore in the
wind than the Titan pieces and, consequently, the |low ballistic
coefficient portion of the Atlas debris pattern will show greater
di spersi on. In this case, greater dispersion does not nean
greater risk to ground objects since Atlas debris are |lighter and
smal | er.

If a failure occurs during the Centaur sustainer burn phase of
the flight and no destruct action takes place, the vehicle may
remai n somewhat intact, depending upon its altitude at that tine
and on the nature of the failure. Normally, the airloads during
the fall w1l cause vehicle breakup. If this occurs, the
propellants will be dispersed and the only hazard wll be from
inmpacting "inert" debris. If the tanks were to remain intact,
some explosion m ght occur at ground inpacts. However, it is
very unlikely that the tanks wll remain intact under high
airloads given their structural vulnerability.

The princi pal hazard antici pated i s damage fromi npacti ng debri s.
| f the vehicle is destroyed by a destruct conmmand, there will be
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nmore nunerous pieces of debris, but the vehicle will not have
been all owed to wander over a possibly popul ated ar ea.

For | aunches of geosynchronous satellites from Cape Canaveral,
the IIP will nove over Africa late in pre-orbital flight, as
described for the Titan in Section 10.2.3. The previous
di scussion of debris inpact hazards to Africa and South Anmerica
is also applicable to Atlas/Centaur, except that it wll have
| ess nassive debris and the risks may be reduced by as nuch as a
factor of two.

10.4.2.3 Delta - The Delta | aunch vehicle offers the variety of
propellants and conponents of both the Titan and the
At | as/ Centaur vehicles. The Delta has strap-on solid propell ant
boosters (Castor 4 for Stage 0), a core booster stage (Stage 1)
whi ch uses cryogenic liquid oxygen and RP-1, an upper stage
(Stage 2) which uses |iquid storable propellants (Aerozi ne-50 and
N,O,) and a Stage 3 which has a solid rocket notor. The Delta has
been launched in a variety of configurations with different
nunbers of solid rocket boosters and different upper stages. For
exanpl e, the enhanced Delta configuration, illustrated in Ch.4,
Vol .1, has the capability to place 5,500 | bs. of payload into a
Low Earth Obit and 2,800 |bs. of payload in a Geosynchronous
Transfer Orbit. The hazards froma typical Delta |launch failure
have been di scussed qualitatively and illustrated quantitatively
in Ch.5, Vol.2.

From a conparative risk standpoint, nost of the elenents of the
Delta are on a smaller scale, but there are nore of them there
is considerably | ess hypergolic propellant than on the Titan (
see Ch.4 and App. B); there are solid boosters as on the Titan,
but they are much smaller and nore nunerous; there is also |ess
cryogenic propellant in the vehicle than the Atlas/Centaur and
there is no explosive and conbustible liquid hydrogen fuel. A
strap-down inertial guidance systemprovi des gui dance t hr oughout
booster and upper stage flight. The Delta was considered the
nost reliable ELV by NASA with an overall failure rate of 6.7
percent, due to 12 failures out of 181 | aunches; only four | aunch
failures required destruct action. Only six failures led to re-
entry of various stages and payl oad and only one of the six |led
to ground i npact, but no damage was reported (see Table 3-5, Cap.
3, Vol. 1). A discussion of ELVreliability and the inplications
for public safety fromthe historical |aunch statistics were al so
di scussed in Ch.3, Vol.1) The nost recent | aunch accident (Delta
178, on May 3, 1986, at Cape Canaveral) occurred 71 seconds after
| aunch when the main engine was prematurely shut-off by an
el ectrical short, the vehicle tunbled out of control and had to
be destroyed by Range Safety (see Ref.to M shap Report, Ch.9).
The NOAA weather satellite GOES-G payl oad was destroyed; no
damage or injury resulted fromdebris.
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10.4.3 Payl oad Contributions to Launch and M ssion Ri sk

The payl oad can contribute to overall launch and m ssion hazards
in several ways:

(1) The payload can initiate a malfunction in the |aunch
vehicle by causing a failure (e.g., electrical short or
surge) or an expl osion during | aunch whi ch coul d af f ect
the rest of the vehicle. Cenerally, the payload is
unlikely to cause a | aunch vehicle failure.

(2) The payload could contribute to the anmount of the
hazardous material resulting from the accident.
Normal Iy this would be in the formof propellant, but
i f a nucl ear heat source is considered, the debris from
an accident could present a significant radioactive
hazard (see Chs. 7 and 8).

(3) The payload could re-enter and inpact on |and al ong
W th other destruct debris, in case of alaunch failure
that requires destruct action.

Any payload-related hazards to the public wll have to be
identified, exam ned, quantified and managed to tol erable | evel s
as part of the DOI/ OCST licensing safety audit (see Ch.1,
Vol . 1).

10.5 BENEFI TS OF RANGE SAFETY CONTROL
10.5.1 Range Safety Control SystemReliability

Range Safety Control systens have played a very inportant role in
t he success of the space program Conbined with an outstanding
Ri sk Prevention and Control program their success has been such
that there have been no casualties resulting from in-flight

| aunch vehicle failures. As nentioned in Ch. 4, this is due to
both m ssi on planning and to the desi gn standards and performance
reliability of the Flight Term nation Systens (FTS). The USAF
design goal for FTS hardware reliability is .999 at a 95%
confidence | evel for WBMC and ESMC, whereas the WSMR desi gn goal

for sub-orbital ELV s is .997 to the sane confidence | evel (see
Ch.8 and ©Ch.9 discussions of reliability vs. safety).

Performance testing and verification of the FTS reliability
depends on the nunber of such failures, environnental stress
during testing or accident and on other accident specifics. The
reliability that has been achieved is due in part to the
redundancies built into both the ground and airborne conponents
of the systens. There are no published figures on the
operational reliability of Range Safety systens, but wth
hundr eds of vehicles destroyed with no systemfailures, one could
conclude that the probability of systemfailureis less than1lin
1000.
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10.5.2 Loss and Casualty Potential When Range Safety Controls
Are Not Used

The followng is intended to di scuss worst case | oss situations
for space | aunches, assum ng that vehicles are | aunched and fail
over communities and that Range Safety Controls ( chiefly a
Fl i ght Term nati on Systemprovi ded on-board the ELV, as descri bed
in Ch.2, Vol.1) are not in place. A conputer nodel, Comunity
Damage (COVDAM), was devel oped for this special purpose. The
concept for this nodel is shown in Figure 10-13.

Breakup  _ZoIll
point S
\ | mpact
distribution Y, distribution '~
of low W/CpA | Y, of higher S
debris : \ W/CpAdebris
Launch 4 !\ A\
point T~ i

Community boundary — NW'

FIGURE 10-13. COMMUNITY DAMAGE MODEL OF DEBRIS LANDING ON A COMMUNITY - COMDAM

10- 27




The nodel is determnistic, not probabilistic (see Ch. 8), i.e.,
given a catastrophic ELV failure and the absence of a destruct
system it examnes the nature and severity of possible
consequences of interest, nanely a conditional casual ty
expect ati on. In reality, inplementation of Range Safety
restricts launch azi nuths as well as decreasing the |ikelihood of
any accident that could have public inpacts (see Ch.9).

The launch vehicle is assuned to overfly and fail above a
community located in the vicinity of the Range. This nodel m ght
apply to eval uati ng damage fromdebris inpacting in the vicinity
of a Range, say, to Santa Barbara or the Channel |slands near
WBMC, or to M am Beach near ESMC, or to Al buquerque near WSMR
These scenari os are obviously unrealistic because | aunch vehi cl es
are neither allowed to overfly popul ated areas nor allowed to
proceed without certified Flight Term nation Systens. On the
ot her hand, COVDAM may afford insight into the potential of
unconstrai ned |aunch operations for accidental casualty and
property | oss.

For sinplicity, the hypothetical comunity at risk is laid out as
a square, wth several types of structures spaced evenly over the
area wWithin the comunity boundaries. The ELVis assuned to fail
and break into pieces spontaneously due to aerodynam c stress.
These fragnents nust be classified according to their ballistic
coefficient and expl osiveness (if solid propellant). The debris
can be dispersed by scattering (lift/drag) effects and velocity
i mpul ses which nmay be inparted to the debris at the tinme of an
explosive in-flight failure. [If a piece of debris inpacts the
ground and expl odes, the overpressure (P) and inpulse (I) are
conputed on all of the adjoining structures (see also Ch.5

Vol . 2). The expl osi ve danmage to each structure i s conputed using
the formula D= a(P’)(1¢, where Dis the percent danage and the
coefficients a, b and ¢ are unique for each different structure
class and were developed from data gathered from expl osive
acci dents.(®1 |f the structure is calculated to be nore than
Ssixty percent danmaged, it is assunmed that it mnust be totally
repl aced and, thus, equival ent to being 100%damaged. The doll ar
| oss is obtained by nultiplying percent damage tines the average
bui | di ng val ue.

For danmage due to inert (non-explosive) debris, kinetic energy

thresholds are set. |If the kinetic energy of an inpact fragnent
did not exceed a pre-specified level, it is assuned not to
penetrate the structure and cause any damage. If it did exceed

the threshold, the damage to the structure is assuned to be the
ratio of the area of the fragnent to the projected area of the
structure. Casual ty expectations, E. were conputed using the
nodel devel oped in Ref. 13.
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The flow diagram for this specifically adopted analytical
procedure is shown in Figure 10-14. These algorithns and | ogic
can be programmed and used to estinate the approxi mate expected
| osses and casualties simlar to those di scussed above. One of
the reasons for developing such an wunrealistic worst-case
consequence nodel was to show several effects, such as:

1) the change in total |osses as a function of the tine of
| aunch vehicle failure:

2) the effect of the distance fromthe point of |aunch on
t he popul ati on center at risk; and

3) the influence of exploding debris.

The COVMDAM nunbers nust be treated as approxi mate at best, and
illustrative only, since no specific comunity has been
considered and the consequences of accidents can vary
significantly even under essentially the sane conditions. The
financial (dollar 1o0ss) consequence estinates consider only
damage, and not business interruption costs.

It should be noted that the above npdel accounts for structural
damage produced by:

1- direct inpact of inert fragnents

2- bl asts triggered by the expl osion of burning fragnments
upon inpact w th ground.

Damage nmechani sns not included in the nodel are:

a- fires initiated by burning fragnments upon inpact with
ground (e.g., brush fires, gas main explosions and
fires).

b- vapor cl ouds produced by burnt/unburned propellants.

C- bl ast and fire ball produced in the air at the instant

of vehicl e breakup.

This COVDAM nodel does not predict what would occur
realistically, but rather what is the worst that could happen.
Wth the addition of |aunch azinmuth restrictions enforced to
avoid |l and overflight, the provision of a highly reliable FTS on-
board the ELV and an effective ground-based Range Safety Control
net wor k, such public damage and casualties as a consequence of
| aunch acci dents becone highly unlikely.
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10.5.3 Conparison of Ri sk Acceptability

M L- STD-882B provides only qualitative definitions of the
severity and frequency of accidents for the purpose of risk
assessment . (12 These definitions are reproduced in Tables 10-1
and 10-2, since they could be used to denonstrate the relative
acceptability of risks fromlaunch vehicles both with and wi t hout
Range Safety Controls in place.

Al t hough these qualitative definitions apply to mlitary systens
i ncl udi ng space systemcertification, acceptance and failure risk
analysis, they can also be applied to hazard assessnent for
comerci al | aunches.

Tabl es 10-3 and 10-4 gi ve two exanples fromM L-STD-882B for ri sk
acceptability, inthe formof a hazard risk assessnment matrix. (12

The next step is to find the risk associated with ELV | aunches in
the hazard frequency/acceptability format exhibited in the
previ ous four tables. Wen a vehicle (e.g., Titan, Atlas/Centaur
or Delta) is not under Range Safety Control, there is potenti al
for catastrophe if the vehicle fails fairly early in flight near
or over a comunity. Since all prospective comercial |aunch
vehi cl es have a historical |aunch failure frequency of nore than
4 percent (range from4 to 14 percent) (see Ch. 3, Vol 1), this
nmust be consi dered an "occasional event." Wth the Range Safety
Control Systemin place, there is potential for catastrophe only
when this systemfails to performits function. G ven the proven
reliability of mnodern Range Safety Control systens, the
occurrence of a accidental failure with major public safety
i npacts nust be consi dered i nprobable or renote.

As the vehicl e progresses froml aunch toward achi eving orbit, the
associated risk to the public is reduced, as discussed in Section
10.2.3. At this stage the Range Safety Systemprovides little or
no benefit, because the debris produced from high altitude
destruct action wll be simlar to that w thout destruct and
there is no way to restrict the inpact |ocation of the debris.
Consequently, both with and w thout a Range Safety Control
System the risk to the public is approximately the sanme in the
pre-orbital and orbital stage, a marginal hazard with a renote
probability of occurrence. In returning fromorbit (uncontrolled
re-entry), there is no possibility of Range Safety Control and
the public risk is again marginal, with a renote probability of
debris causing any casualties.
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TABLE 10-1. HAZARD SEVERITY DEFINITIONS (MIL-STD-8828)

Description Category Mishap Definition
Catastrophic | Death or system loss.
Critical 1] Severe injury, severe occupational
illness or major system damage.
Marginal i} Minor injury, minor occupational
iliness or minor system damage.
Negligible v Less than minor injury, occupational

iliness or system damage.

TABLE 10-2. HAZARD PROBABILITY DEFINITIONS (MIL-STD-8828)

Description (1) | Level Specificindividual item Fleet or inventory (2)
Frequent A Likely to occur frequently. Continually experienced.
Probable B Will occur several times in life of Will occur frequently.
anitem.

Occasional C Likely to occur sometimein life Will occur several times.
of anitem.

Remote D Unlikely, but possible to occur in Unlikely, but can
life of anitem. reasonably be expected

to occur.

Improbable E So unlikely it can be assumed Unlikely to occur, but
occurrence may not be possible
experienced.
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TABLE 10-3. FIRST EXAMPLE, HAZARD/RISK ASSESSMENT MATRIX

(MIL-STD-882B)

Frequency of

Hazard Categories

occurrence | I 1 v
Catastrophic Critical Marginal Negligible

(A) Frequent 1A 2A 3A 4A

(B) Probable 1B 2B 3B 4B

(C) Occasional 1C 2C 3C 4c

(D) Remote 1D 2D 3D 4D

(E) Improbable 1E 2E 3E 4E

Hazard Risk Index
1A, 1B, 1C, 2A, 2B, 3A
1D, 2C, 20, 3B, 3C

1E, 2E, 3D, 3E, 4A, 4B
4C, 4D, 48

Suggested Criteria
Unacceptable.

Undesirable (Management Authority Decision Required).
Acceptable with review by management authority.
Acceptable without review.

TABLE 10-4. SECOND EXAMPLE, HAZARD/RISK ASSESSMENT MATRIX

(MIL-STD-8828B)

Frequency of

Hazard Categories

occurrence | M m v
Catastrophic Critical Marginal Negligible

(A) Frequent 1 3 7 13

(B) Probable 2 5 9 16

(C) Occasional 4 6 11 18

(D) Remote 8 10 14 19

(E) Improbable 12 15 17 20

Hazard Risk Index
1-5

6-9

10-17

18-20

Suggested Criteria
Unacceptable

Undesirable (Management Authority Decision Required).
Acceptable with review by management authority
Acceptable without review
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These concl usi ons about the rel ative public risks associated with
ELV | aunches are summarized in Table 10-5 using the definitions
of haé%rd, frequency and acceptability as specified in ML-STD
882B.

The conclusion is that a Range Safety Control Systens nust be in
pl ace so that normal, though relatively |ow probability, |aunch
failures becone tol erable and perm ssible fromthe point-of-view
of public safety.

Fi gure 10-15, reproduced fromRef 14, is a Public Launch Hazard
Event Tree based on ESMC | aunch experience, but it also applies
conceptually to the other National Ranges. It shows that a | ong
chain of failure events nust take place to expose the public to
| aunch or overflight hazards. Condi ti onal probabilities and
branching of events are also indicated. This type of analysis
will be applied to evaluate the safety risks associated wth
specific ELV's, launch sites and m ssi ons.

TABLE 10-5. RELATIVE RISKS FOR VARIQUS FLIGHT PHASES WITH AND WITHOUT RANGE SAFETY
SYSTEMS

Without Range Safety Control With Range Safety Control

Flight Phase

Hazard level

Frequency

Acceptability

Hazard Level

Frequency

Acceptability

Early Launch

Potentially
catastrophic

Occasional

Unacceptable

Potentially
catastrophic

Improbable

Acceptable

Pre-orbital

Marginal

Remote

Acceptable

No benefit

No benefit

No benefit

Return from

orbit (uncon-

trolled)

Marginal

Remote

Acceptable

No Possible
control

No Possible
control

No Possible
control
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